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Abstract Background and aims: This study aims to examine the associations of food portion size
(PS) with markers of insulin resistance (IR) and clustered of metabolic risk score in European ad-
olescents.
Methods: A total of 495 adolescents (53.5% females) from the Healthy Lifestyle in Europe by
Nutrition in Adolescence (HELENA) study were included. The association between PS from food
groups and homeostasis model assessment of insulin resistance (HOMA-IR) index, VO2 max, and
metabolic risk score was assessed by multilinear regression analysis adjusting for several con-
founders. Analysis of covariance (ANCOVA) was used to determine the mean differences of food
variance; BMI, Body mass index; HELENA, Healthy Lifestyle in Europe by Nutrition in Adolescence;
assessment of insulin resistance; Metabolic Syndrome, MS; PA, Physical activity; PS, Portion size;
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(MS);
Adolescents
PS from food groups by HOMA-IR cutoff categories by using maternal education as a covariable.
Results: Larger PS from vegetables in both gender and milk, yoghurt, and milk beverages in males
were associated with higher VO2 max, while larger PS from margarines and vegetable oils were
associated with lower VO2 max (p < 0.05). Males who consumed larger PS from fish and fish
products; meat substitutes, nuts, and pulses; cakes, pies, and biscuits; and sugar, honey, jams,
and chocolate have a higher metabolic risk score (p < 0.05). Males with lower HOMA-IR cutoff
values consumed larger PS from vegetables, milk, yoghurt, and milk beverages (p < 0.05). Fe-
males with lower HOMA-IR cutoff values consumed larger PS from breakfast cereals, while those
with higher HOMA-IR cutoff values consumed larger PS from butter and animal fats (p Z 0.018).
Conclusion: The results show that larger PS from dairy products, cereals, and high energy dense
foods are a significant determinant of IR and VO2 max, and larger PS from food with higher con-
tent of sugar were associated with higher metabolic risk score.
ª 2022 The Author(s). Published by Elsevier B.V. on behalf of The Italian Diabetes Society, the
Italian Society for the Study of Atherosclerosis, the Italian Society of Human Nutrition and the
Department of Clinical Medicine and Surgery, Federico II University. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

During the past decades, increasing prevalence of type 2
diabetes mellitus and prediabetic stages such as insulin
resistance (IR) or impaired fasting glucose has been re-
ported in children and adolescents [1]. This increase seems
to parallel the increase in the prevalence of obesity in
these age groups [2]. Dietary factors are environmental
determinants of both adiposity, IR, and the components of
metabolic syndrome (MS) [3].

IRs improve after weight loss [4] and in the presence of
high levels of physical activity (PA) [5]. Diet composition,
in particular, carbohydrate type and amount and fat intake
may also influence IR [6]. In children, it has been found
that total energy, fat, saturated fat, and protein intakes
were significant predictors of fasting insulin and quanti-
tative insulin sensitivity check index (QUICKI), indepen-
dent of body mass index (BMI), and age [7]. Several dietary
factors could promote a positive energy balance [8] and
thereby increase the risk for obesity and diabetes,
including the following: excessive portion size (PS), with
single large meals often approaching or exceeding indi-
vidual daily energy requirements; palatability, empha-
sizing primordial taste preferences for sugar, salt, and fat;
high energy density; and high glycemic load [9]. PS of
many foods have been increasing in countries with a well-
established industrialized food supply [10].

Increased consumption of margarine, sweets (candies,
lollipops, jellies, and traditional fruit in heavy syrup), and
savory snacks (chips, cheese puffs, and not home-made
popcorn) was associated with high homeostasis model
assessment of IR (HOMA-IR) index value in children and
adolescents [11,12]. Additionally, it was shown previously
that sugar intake in the form of sugar-sweetened bever-
ages was associated with IR in adolescents [13]. Data from
children indicated that short absorption time that follows
the consumption of sugar may impair blood glucose con-
trol and may result in hyperinsulinemia and peripheral IR
[14]. Frequent intake of obesogenic foods such as crackers,
chips, and cooked ham was observed in adolescents with
MS [15]. Moreover, a ‘Western’ dietary pattern was asso-
ciated with a greater risk for MS, among female adoles-
cents [16].

The relationship between food PS and IR and the
development of MS in children and adolescents have not
been previously examined. Therefore, this study in-
vestigates the potential effect of food PS on IR and a
quantitative score of metabolic risk in European
adolescents.
2. Methods

2.1. Study design

A European multicentre cross-sectional study was per-
formed (2006e2007) in adolescents aged 12.5e17.5 years
from 10 cities to assess a Healthy Lifestyle in Europe by
Nutrition in Adolescence (HELENA) [17]. The main objec-
tive of the HELENA-Cross sectional was to obtain reliable
and comparable data from randomly selected European
adolescents (n Z 3528, 52.3% females) by using wide
relevant health and nutrition-related parameters that
included the following: dietary intake, food choices and
preferences, serum vitamin and mineral status, lipid and
glucose metabolism, anthropometric measurements, PA
and fitness, and genetic markers [18]. The inclusion criteria
were participants who were free from any acute infection
lasting less than 1 week before the inclusion process and
were not concurrently involved in another clinical trial
[19]. The exclusion criteria were participants not having
information on age, gender, height, and weight; partici-
pants who were concurrently involved in another clinical
trial, age more than 17.5 years or less than 12.5 years and
having any acute infection lasting more than 1 week
before the inclusion process [19]. More details about
recruitment and sampling process are described elsewhere
[19].

http://creativecommons.org/licenses/by-nc-nd/4.0/
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2.2. Study sample

Blood samples were obtained from around one-third of
patients, following the same randomization criteria as
those for the whole sample. Out of 3528 adolescents
included in the HELENA study, blood samples were ob-
tained from one-third (1089) of the adolescents as was
foreseen in the protocol. A total of 1188 adolescents
(33.7%) did not have information for the 24-hr. Also, 1198
adolescents who were considered over-reporters (173) and
under-reporters (526), according to the approach of
Goldberg et al. [20], were excluded. Out of those with valid
dietary data, 647 participants were excluded, as they had
no data on glucose, insulin, and HOMA-IR index, skinfold
thickness, systolic blood pressure, triglycerides, maximal
oxygen uptake (VO2 max), maternal education, or PA.
Finally, 495 (265 females) adolescents were included in
the present analysis.

The study was performed following the ethical guide-
lines of the Declaration of Helsinki 1964 (revision of
Edinburgh, 2000), the Good Clinical Practice, and the
legislation about clinical research in humans in each of the
participating countries. The protocol was approved by the
Human Research Review Committees of the involved
centres [21]. Moreover, a written informed consent was
obtained from participating adolescents and their parents
[22].

2.3. Questionnaires

The education level of the adolescent’s mothers was
adapted from the International Standard Classification of
Education (ISCED) [23] and reported as primary education,
lower secondary education, higher secondary education,
and higher education/university degree. In this study, the
two lowest levels have been merged into one group called
lower level of education, in addition to higher level of
education. More details have been reported elsewhere
[24].

2.4. Physical examination

Measurements were taken 3 times by trained researchers
in each city. A training session was conducted by the
coordinator of HELENA, with the 10 field workers who
planned to perform anthropometric measurements. The
aim of the training was to familiarize researchers with the
exact protocol to be used and to perform the 1st approach
to assess the intra-observer technical error. Then, a
workshop was organized that aims to assess the intra-
observer (2nd time) and inter-observer (1st time) tech-
nical error of measurements (TEMs<1) and the reliability
(>90%) of anthropometry and BIA measurements. All the
anthropometric variables were measured in order, and the
same measurements were then repeated two more times
[25].

Weight was measured with an electronic scale (model
871; SECA, Hamburg, Germany) to the nearest 0.05 kg, and
height was measured with a telescopic height measuring
instrument (model 225; SECA, Hamburg, Germany) to the
nearest 0.1 cm. All measurements were performed in un-
derwear and barefoot [25]. BMI was calculated as body
weight (kg) divided by the height (m) squared (kg/m2).
The obesity status was classified using the International
Obesity Task Force scale [26]. Skinfold thickness was
measured to the nearest 0.2 mm in triplicate in the right
side at biceps, triceps, subscapular, suprailiac, thigh, and
medial calf with a Holtain Caliper (Crymmych, Wales, UK).
The sum of six skinfold thickness was used as an indicator
of total body fat [27].

2.5. Physical activity measurement

Accelerometers (Actigraph MTI, model GT1M,
Manufacturing Technology Inc., Fort Walton Beach, FL,
USA) were used to obtain an objective measurement of PA.
The devices were placed on the lower back of the partic-
ipants under the clothes using an elastic belt for seven
sequent days. Instructions were given to participants when
they wake up to wear the instrument and remove it for
water-based activities and sleeping [28]. Data were
downloaded to the computer using manufacturer software
and analyzed later by software based on Visual Basic. Time
spent in moderate and vigorous physical activity (MVPA)
was determined using the cutoff point of 2000 cpm to
generate the various indices; the number of days per week
was multiplied by minutes per day, to calculate minutes
per week for each activity [29]. More detailed information
has been reported elsewhere [28].

2.6. Blood samples

Briefly, fasting blood samples were collected by ven-
epuncture at school between 8:00 and 10:00 after a 10-h
overnight fast. Whole blood samples for the hemogram
were sent directly to the local laboratory of each country to
be analyzed. Concentrations of triglycerides, total choles-
terol (TC), high-density lipoprotein cholesterol (HDL-c),
and glucose were measured in fresh serum enzymatically
on the Siemens Dimension RxL Max Integrated Chemistry
System (Dade Behring, Schwalbach, Germany) using the
manufacturer’s reagents and instructions at the University
Hospital in Bonn (Germany). TC/HDL-c ratio was calcu-
lated. Insulin was measured by a solid-phase two-site
chemiluminescent immunometric assay with an Immulite
2000 analyzer (DPC Biermann GmbH, Bad Nauheim, Ger-
many). More details about blood handling procedures have
been described elsewhere [30]. The intra-assay coefficients
of variation were <3.3%, and the inter-assay coefficients
were <3.9% for all parameters.

2.7. Cardiorespiratory fitness

Cardiorespiratory fitness was measured by the progressive
20-m shuttle run test [31]. This test required participants
to run back and forth between two lines set 20 m apart
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following a running pace determined by audio signals and
with an initial speed of 8.5 km h�1 increasing by 0.5 km h-
1 every minute (1 min equals 1 stage). The test is finished
when the adolescent failed to reach the end lines con-
current with the audio signals on two consecutive occa-
sions, and the final score was computed as the number of
stages completed (precision of 0.5 stages). Maximal oxy-
gen uptake (VO2 max) was estimated using the formula
described by Léger et al. (1984).

2.8. Metabolic risk score

The HOMA-IR index was calculated as fasting insulin
[(pmol/l)/6.945] * fasting glucose [(mmol/l)/22.5] [32]. The
cutoff value for HOMA-IR was based on the 90th percen-
tile. A QUICKI was calculated as QUICKI Z 1/log insulin
(lIU/mL) þ log glucose (mg/dl) [32]. Systolic blood pressure
was measured with an automatic oscillometric device (M6,
HEM-7001-E, Omron). A continuous score of clustering
metabolic risk factors was computed using the following
variables: systolic blood pressure, triglycerides, TC/HDL-c
ratio, HOMA-IR index, the sum of six skinfolds, and VO2
max. Z-scores were calculated for each risk factor variable
by age and gender, and then all individual Z-scores were
summed to create a clustered risk score based on the one
by Andersen et al. [33], that has been used in the previous
HELENA study [12].

2.9. Dietary assessment

The HELENA Dietary Assessment Tool (HELENA-DIAT)
was used to assess adolescents dietary consumption; this
software was used as self-administered, computerized
24-h recall, developed and validated originally in Flemish
adolescents, and then in the HELENA-CSS [34]. HELENA-
DIAT is based on previous day assessments of the intake
from six meal occasions (breakfast, morning snack,
lunch, afternoon snack, evening meal, and evening
snack). The two nonconsecutive 24-h recalls performed
on one convenient weekday and one weekend day. A
well-trained dietitian was present to assess the adoles-
cent in case they need any help to complete the diet 24-
hr recall.

A total of 800 photographs were available in the
HELENA-DIAT program. The participants were able to
select one of the amounts that appeared in a photograph
or indicate that they consume less or more than the
amount appeared on the computer. In addition, they were
able to type the consumed amount for each food item in a
text box. Moreover, the participants were able to remove
or modify the selected items at any time. Moreover, foods
that can be measured with household tools like cups,
several portions appeared on the screen, so that the par-
ticipants can select the consumption amount by clicking
directly on the portion. In case some foods usually eaten in
combination with other items such as french fries and
mayonnaise, a box was shown on the screen to remind
them to include this item [34].
2.10. Selection of food groups

Based on the European food groups classification system,
about 4179 foods and beverages, in the form of recipes or
as individual food, were aggregated into food groups [34].
In our study, we excluded the foods that were very infre-
quently consumed from the analysis: products for special
nutrition use, soya beverages, and miscellaneous due to
their very low consumption (reported by less than 15% of
the participants). Furthermore, the daily diet was divided
into 11 food groups based on their nutritional composi-
tion: (1) water, (2) bread and cereal, (3) grains and po-
tatoes, (4) fruit, (5) vegetables, (6) milk, milk desserts, and
yogurt, (7) cheese, (8) meat/fish/eggs/vegetarian sub-
stitutes, (9) spread and cooking fat (10) low-nutrient, en-
ergy-dense foods (e.g., chocolate, sugar products, biscuits,
pies, savoury snacks, creams, and confectionery), and (11)
low-nutrient, energy-dense drinks (e.g., carbonated soft
drinks, juices, and alcoholic drinks). Milk products and
cheese were allocated to different food groups because of
the important difference in fat content.

2.11. Portion size calculation

PS was calculated by dividing the intake in grams (g) of the
items included in the group and reported to be consumed
during the 24 h-recall, by the number of eating occasions
of these consumed items. In this study, the average
amount of PS was calculated from the two days included in
the 24 h-recall by each eating occasion. For instance, if an
individual consumed 100 g of meat for lunch in the first
day and 100 g in the lunch for the second day, then his/her
PS at lunch from this food item was 100 g, and if the in-
dividual consumed 100 g of meat only in lunch and did not
consume meat in any other meal, his/her PS was 100 g.
Several studies of food PS effect on overweight in children
and adults have used the same methodology [35,36]. Thus,
these data represent per consumer averages, not per capita
averages, and it is used to show the average change on the
PS for those who consume a certain item. Therefore, to
analyze a specific food group only participants who
consumed this food group were included in the analysis.

2.12. Statistical analysis

Descriptive analysis of mean and standard deviation for
general characteristics were presented with Student’s t-
test for continuous variables. Chi-square test was used to
assess the difference of categorical variables between
genders. To achieve normality Johnson transformation has
been performed for VO2 max, HOMA-IR index, and
metabolic risk score. Sensitivity analysis was carried out in
order to consider age or pubertal stage in adjustment.
Interaction products of gender and markers of body fat in
the association between PS from food groups with markers
of IR were calculated. Since an interaction effect was
observed for gender, all the analyses were performed
separately for females and males. Analysis of covariance
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(ANCOVA) was also used to determine the mean differ-
ences and standard deviations of food PS from the studied
food groups by HOMA-IR cutoff categories and metabolic
risk score median cutoff categories between gender by
using maternal education as covariable for all participants.

The association between PS from food groups as inde-
pendent variables and HOMA-IR, systolic blood pressure,
triglycerides, TC/HDL-c ratio, the sum of six skinfolds and
VO2 max, and the metabolic risk score as dependent var-
iables was assessed by multilinear regression analysis. All
regression models were adjusted for age, maternal edu-
cation, PA, total energy intake, BMI, and city as dummy
variable. To avoid multiple testing, all analysis were per-
formed individually. The analyses were conducted using
IBM-SPSS (v25, SPSS Inc., Chicago, IL, USA), and the level of
significance was set to 0.05.

3. Results

3.1. General characteristics of study participants

Sample descriptive characteristics by gender are pre-
sented in Table 1. A total of 495 adolescents aged between
Table 1 Descriptive characteristics of the study sample.

General characteristics All participants (n Z 495) p-value

Males
(n Z 230)

Females
(n Z 265)

Mean (SD) Mean (SD)

Age 14.7 (1.3) 14.7 (1.2) 0.314
Maternal

education (n, %)a
0.914

Low 69 (30.0%) 90 (33.9%)
High 161 (70.0%) 175 (66.1%)
BMI (kg/m2) 20.6 (3.4) 20.8 (3.3) 0.789
BMI categories (n,%) 0.090
Normal weight 189 (82.2%) 229 (86.4%)
Overweight 30 (13.0%) 26 (9.8%)
Obesity 11 (4.8%) 10 (3.8%)
Glucose (mg/dL) 91.9 (7.2) 88.3 (6.2) 0.047
Triglycerides (mg/dL) 65.4 (31.9) 70.8 (30.7) 0.730
Total cholesterol (mg/dL) 152.4 (25.4) 166.2 (27.1) 0.198
Insulin (mlU/mL) 8.9 (6.9) 10.0 (6.8) 0.899
HOMA-IR indexb 2.1 (1.7) 2.2 (1.7) 0.811
QUICKI 0.4 (0.03) 0.3 (0.03) 0.010
SBP (mm Hg) 119.2 (13.0) 112.2 (11.5) 0.102
VO2max (ml/kg/min) 53.2 (7.9) 36.5 (6.4) 0.002
Sum of skinfold

thickness (mm)
22.4 (11.3) 30.2 (11.8) 0.216

Waist circumference (cm)b 72.9 (8.3) 69.9 (7.2) 0.164
Metabolic risk scorec �0.81 (3.4) 0.75 (2.7) 0.060
TC/HDL ratio 2.9 (0.6) 2.9 (0.6) 0.680

All values are mean � standard deviation, or a percentage. BMI:
body mass index; HOMA-IR index: homeostasis model assessment
for insulin resistance; SBP: systolic blood pressure; TC/HDL-c: total
cholesterol/high-density lipoprotein cholesterol; VO2max: maximal
oxygen uptake. Non transformed data are presented in this table,
but analyzes were performed with b and c Johnson transformation.
Level of significance was set to 0.05.
12.5 and 17.5 years old were included in this study. More
than half (53.5%) of the participants were females. Males
had significantly higher mean glucose (p Z 0.047),
QUICKI (p Z 0.010), and VO2 max (p Z 0.002), than
females.

3.2. Association between PS from various food groups
and HOMA-IR index and metabolic risk score components
(systolic blood pressure, triglycerides, TC/HDL-c ratio,
sum of six skinfolds, and VO2 max) by gender

The results are showing no significant association be-
tween food PS and HOMA-IR index (Table 2), and all of
metabolic risk score components except VO2 max in both
genders (Supplementary Tables S1eS4) after adjustment
for age, maternal education, PA, total energy intake, BMI,
and city.

3.3. Association between PS from various food groups
and VO2 max stratified by gender

The result from Table 3 shown that in males, larger PS
from vegetables (b Z 0.001; p Z 0.048), milk, yoghurt,
and milk beverages (b Z 0.002; p Z 0.026) were associ-
ated with higher VO2 max; while larger PS from marga-
rines and vegetable oils (b Z -0.004; p Z 0.025) were
associated with lower VO2 max. In females, larger PS from
vegetables (b Z 0.001; p Z 0.007) were associated with
higher VO2 max, taking in consideration the adjustment
for age, maternal education, PA, total energy intake, BMI,
and city.

3.4. Association between PS from various food groups
and metabolic risk score

Table 4 illustrates the results of multilinear regression
model by gender using metabolic risk score categories as a
dependent variable and PS of food as independent vari-
ables. The model was adjusted for age, maternal educa-
tion, PA, total energy intake, BMI, and city. The results
indicates that males with larger PS consumption from fish
and fish products (b Z 0.007; p Z 0.015); meat sub-
stitutes, nuts, and pulses (b Z 0.018; p Z 0.032); cakes,
pies, and biscuits (b Z 0.005; p Z 0.010); sugar, honey,
jams, and chocolate (b Z 0.005; p Z 0.009) have higher
metabolic risk score. Females with only larger PS from
cakes, pies, and biscuits (b Z 0.005; p Z 0.030) have
higher metabolic risk score.

3.5. Relationship between PS mean intake from food
groups and HOMA-IR cutoff categories by gender

PS mean intake characteristics were obtained from the
different food groups and HOMA-IR cutoff categories using
mother’s education as covariable (ANCOVA) for all partic-
ipants (Table 5). The results indicate that males with lower
HOMA-IR cutoff consumed higher mean PS from vegeta-
bles (p Z 0.036) and milk, yoghurt, and milk beverages
(p Z 0.040). In the same line, females with lower HOMA-



Table 2 The association between food PS and HOMA-IR index in a selected sample of European adolescents, by gender.

Food Groups (g/day) HOMA-IR index

Males (n Z 230) Females (n Z 265)

b 95% CI P-value b 95% CI P-value

Lower Upper Lower Upper

Bread and Cereals
Bread and rolls 0.011 �0.002 0.003 0.589 �0.003 �0.007 0.001 0.102
Breakfast cereals �0.010 �0.022 0.003 0.212 �0.007 �0.014 0.001 0.051
Grains and potato
Rice and other grains 0.050 �0.004 0.009 0.500 �0.012 �0.002 0.005 0.847
Starch roots, potatoes �0.001 �0.003 0.002 0.512 �0.001 �0.002 0.001 0.561
Pasta 0.004 �0.001 0.003 0.589 0.002 0.000 0.004 0.087
Fruits 0.051 �0.010 0.006 0.052 0.007 �0.005 0.003 0.507
Vegetables 0.002 0.001 0.003 0.066 0.002 �0.001 0.002 0.654
Milk, milk desserts and yogurt
Milk, yoghurt, and milk beverages 0.001 �0.005 0.001 0.065 0.002 �0.001 0.002 0.160
Desserts and puddings milk based �0.007 �0.012 0.003 0.067 �0.004 �0.004 0.003 0.164
Cheese 0.001 �0.002 0.005 0.792 �0.025 �0.008 0.002 0.614
Meat/poultry/fish/eggs
Meat and poultry 0.002 �0.003 0.002 0.546 0.003 �0.002 0.005 0.253
Fish and fish products 0.013 �0.004 0.001 0.298 0.005 �0.001 0.009 0.845
Eggs �0.015 �0.008 0.007 0.771 0.002 �0.003 0.002 0.524
Meat substitutes, nuts, pulses �0.045 �0.055 0.096 0.105 �0.010 �0.009 0.018 0.096
Spread and cooking fats
Margarines and vegetable oils 0.011 �0.008 0.008 0.912 0.006 �0.009 0.016 0.395
Butter and animal fats 0.023 �0.005 0.007 0.136 0.019 �0.019 0.005 0.950
Low nutrient energy- dense food
Cakes, pies, biscuits 0.012 �0.010 0.009 0.104 0.001 �0.002 0.002 0.600
Savoury snacks �0.003 �0.004 0.004 0.507 0.006 �0.002 0.012 0.213
Sugar, honey, jams, chocolate �0.005 �0.002 0.006 0.460 �0.004 �0.001 0.006 0.105
Sauces and creams 0.003 �0.008 0.005 0.136 0.019 �0.020 0.000 0.248
Low nutrient energy- dense drinks
Carbonated soft/isotonic drinks 0.001 �0.003 0.003 0.391 0.006 0.002 0.009 0.125
Fruit and vegetables juices 0.008 �0.004 0.009 0.235 0.003 �0.002 0.011 0.161

b: regression coefficient. CI: confidence interval; Adjusting for confounders: age, maternal education, PA, total energy intake, BMI and city. Level
of significance was set to 0.05.
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IR cutoff consumed higher mean PS from breakfast cereals
(p Z 0.010). Contrary, females with higher HOMA-IR cut-
off, consumed higher mean PS from butter and animal fats
(p Z 0.018).

3.6. Relationship betweenPSmean intake from food groups
andmetabolic risk scoremedian cutoff categories bygender

The results indicate that no significant relationship be-
tween food PS and metabolic risk score median cutoff
categories (Supplementary Table S5).

4. Discussion

The main results suggest that there is an association be-
tween PS of some food groups and a metabolic risk score in
adolescence. Specifically, we identified that larger PS from
cakes, pies, biscuits in males and females were associated
with higher metabolic risk score. Meanwhile, PS from fish;
meat substitutes, nuts, and pulses; and sugar, honey, jams,
and chocolate were associated with a higher metabolic risk
score in males, considering potential confounders, such as
PA, total energy intake, BMI, city, and maternal education.
4.1. Portion size of specific food groups and metabolic risk
score components

Out of the components of the metabolic risk score, signifi-
cant results were found only for VO2 max, a marker of
cardiorespiratory fitness. We found that larger PS from
vegetables in both genders and milk, yoghurt, and milk
beverages were associated with higher VO2 max in males,
while larger PS from margarines and vegetable oils were
associated with lower VO2 max in males. In general, fruit
and vegetables are one of the most abundant source of
natural flavonoids Quercetin [37]. Noteworthy, these com-
pounds play an important role as antioxidant and anti-
inflammatory activity, in addition to the most prominent
rolewhich is the ability to increasemitochondrial biogenesis
in bothmuscle and brain inmice [38]. In adults, low doses of
the naturally occurring dietary flavonoid quercetin were
associated with a modestly higher VO2 max [39]. Similarly,
in young adult, it has been observed a significantly higher
levels of VO2 max in the vegetarian compared with omni-
vores [40]. Moreover, it has been found that adolescents
with the highest cardiorespiratory fitness are the most
active and tend to consumehigher fruits and vegetables [41].



Table 3 The association between food PS and VO2 max in a selected sample of European adolescents, by gender.

Food Groups (g/day) VO2 Max

Males (n Z 230) Females (n Z 265)

b 95% CI P-value b 95% CI P-value

Lower Upper Lower Upper

Bread and Cereals
Bread and rolls 0.006 �0.005 0.004 0.605 �0.002 �0.022 �0.001 0.990
Breakfast cereals 0.002 �0.002 0.002 0.150 0.003 �0.003 0.010 0.110
Grains and potato
Rice and other grains 0.006 �0.001 0.003 0.104 0.000 �0.002 0.001 0.376
Starch roots, potatoes 0.022 �0.008 0.004 0.467 0.005 �0.005 0.015 0.293
Pasta 0.031 �0.023 0.014 0.450 0.021 �0.013 0.011 0.219
Fruits 0.001 �0.002 0.005 0.232 0.002 �0.001 0.004 0.154
Vegetables 0.033 �0.002 0.015 0.038 0.026 �0.007 0.009 0.012
Milk, milk desserts and yogurt
Milk, yoghurt, and milk beverages 0.009 �0.001 0.008 0.006 0.000 0.000 0.001 0.559
Desserts and puddings milk based 0.004 �0.010 0.000 0.079 0.005 �0.004 0.003 0.374
Cheese 0.001 �0.009 0.002 0.090 0.002 �0.005 0.003 0.754
Meat/poultry/fish/eggs
Meat and poultry 0.009 �0.006 0.002 0.150 0.030 �0.015 0.009 0.059
Fish and fish products 0.005 �0.013 0.003 0.420 0.003 �0.005 0.009 0.400
Eggs 0.001 �0.006 0.008 0.772 0.001 �0.001 0.003 0.445
Meat substitutes, nuts, pulses 0.002 �0.003 0.007 0.205 �0.001 �0.003 0.004 0.306
Spread and cooking fats
Margarines and vegetable oils �0.008 �0.012 0.009 0.015 0.003 �0.003 0.010 0.267
Butter and animal fats 0.004 �0.001 0.012 0.508 0.002 �0.032 0.005 0.508
Low nutrient energy- dense food
Cakes, pies, biscuits 0.000 �0.001 0.002 0.692 �0.002 �0.004 0.000 0.067
Savoury snacks 0.004 �0.003 0.010 0.288 �0.007 �0.014 0.001 0.077
Sugar, honey, jams, chocolate �0.001 �0.003 0.002 0.512 �0.001 �0.002 0.001 0.561
Sauces and creams 0.000 �0.003 0.002 0.687 �0.009 �0.003 0.002 0.937
Low nutrient energy- dense drinks
Carbonated soft/isotonic drinks 0.000 �0.003 0.002 0.686 0.002 0.000 0.004 0.087
Fruit and vegetables juices 0.000 �0.001 0.001 0.701 0.000 �0.001 0.001 0.617

b: regression coefficient. CI: confidence interval; Adjusting for confounders: age, maternal education, PA, total energy intake, BMI and city. Level
of significance was set to 0.05
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4.2. Portion size of specific food groups and metabolic
risk score

Regarding metabolic risk score, we found that larger PS
from cakes, pies, biscuits in males and females were
associated with higher metabolic risk score. PS from fish
and fish products; meat substitutes; nuts, pulses, and
sugar; and honey, jams, and chocolate were associated
with higher metabolic risk score in males. In a previous
study in adolescents, significant differences were found, in
the consumption of pretzels, chips, ham, and burgers be-
tween the group with MS and those who did not have the
syndrome [15].

In adult men, it has been noticed that seafood con-
sumption was significantly associated with elevated high-
sensitivity C-reactive protein levels, after adjustment for
age, PA, and BMI [42]. However, contrary to our results, a
study found that low-fat meats and fish and fish products
consumption was negatively associated with the inflam-
matory response in adults [43]. In this study, higher intake
of fish and fish products was associated with higher
metabolic risk score. The benefits of increased fish and fish
products consumption on health have been associated to
its content of omega 3 and PUFA, but fish consumption
contributes with considerable amounts of other nutrients
that may have an effect on the metabolic score [44]. The
possible explanation of our results is that processed fish
such as fish cakes, fish balls, fish pudding, and fish fingers
are made from lean fish filet mixed with other ingredients
like: milk and flour; moreover, it has been found that these
products contain free or added sugars and saturated and
trans-fats that makes them high energy dense food, these
fish products represent nearly 40% of the total fish con-
sumption [45]. The lack of health benefits from processed
fish may partly be explained by a reduction of some of the
nutrients present during the processing such as deep-
fried, fried, boiled, or minced, and therefore, they contain
a higher amount of total fat. Additionally, these products
previously contained trans-fatty acids that are known to
be associated with lowered HDL-level [46].

Moreover, an increased frequency of consumption of
fruits and vegetables, and dairy products decreased the
probability of having MS in adolescents [47], while the
probability of having MS increased along with the con-
sumption of solid hydrogenated fat, and bread made with
white flour in both genders [47]. Similarly, a systematic
review focusing on European dietary patterns and MS
from various age groups concluded that higher intake of
meat or meat products, desserts, and sugar-sweetened
beverages, which are considered as a good source of



Table 4 The association between food PS and a metabolic risk score in a selected sample of European adolescents, by gender.

Food Groups (g/day) Metabolic risk score

Males (n Z 230) Females (n Z 265)

B 95% CI P-value b 95% CI P-value

Lower Upper Lower Upper

Bread and Cereals
Bread and rolls 0.000 �0.002 0.001 0.435 0.003 �0.002 0.001 0.695
Breakfast cereals �0.003 �0.002 0.007 0.209 0.005 �0.003 0.012 0.210
Grains and potato
Rice and other grains �0.001 �0.002 0.001 0.380 0.001 �0.001 0.003 0.461
Starch roots, potatoes �0.001 �0.001 0.003 0.215 0.000 �0.002 0.001 0.522
Pasta �0.006 �0.002 0.001 0.758 0.000 �0.002 0.001 0.666
Fruits 0.003 �0.001 0.001 0.936 0.000 �0.001 0.000 0.428
Vegetables 0.011 �0.012 0.002 0.058 0.001 �0.008 0.002 0.097
Milk, milk desserts and yogurt
Milk, yoghurt, and milk beverages �0.002 0.000 0.001 0.056 0.002 �0.010 0.001 0.559
Desserts and puddings milk based �0.001 �0.002 0.003 0.456 �0.002 �0.005 0.000 0.077
Cheese 0.002 �0.001 0.004 0.298 0.001 �0.003 0.004 0.285
Meat/poultry/fish/eggs
Meat and poultry 0.000 �0.001 0.000 0.157 �0.002 �0.001 0.001 0.959
Fish and fish products 0.005 �0.012 0.020 0.007 0.001 �0.003 0.002 0.593
Eggs 0.001 �0.006 0.008 0.772 0.001 �0.001 0.003 0.445
Meat substitutes, nuts, pulses 0.031 0.006 0.050 0.001 0.004 �0.004 0.014 0.307
Spread and cooking fats
Margarines and vegetable oils 0.013 �0.005 0.002 0.050 0.001 �0.003 0.010 0.267
Butter and animal fats 0.000 �0.009 0.008 0.848 �0.002 �0.012 0.008 0.698
Low nutrient energy-dense food
Cakes, pies, biscuits 0.004 0.001 0.023 0.036 0.004 �0.012 0.003 0.020
Savoury snacks 0.015 �0.004 0.019 0.147 0.025 �0.002 0.012 0.184
Sugar, honey, jams, chocolate 0.023 0.009 0.028 0.009 �0.001 �0.007 0.006 0.728
Sauces and creams �0.003 �0.002 0.002 0.974 �0.006 �0.002 0.002 0.945
Low nutrient energy- dense drinks
Carbonated soft/isotonic drinks 0.005 �0.001 0.009 0.763 0.003 �0.004 0.001 0.254
Fruit and vegetables juices �0.000 �0.001 0.012 0.101 0.002 �0.002 0.000 0.243

b: regression coefficient. CI: confidence interval; Adjusting for confounders: age, maternal education, PA, total energy intake, BMI and city. Level
of significance was set to 0.05.
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saturated fatty acids, salts, and added sugars, have been
associated with higher risk of MS [48]. In contrast, higher
intake from vegetables, fruits, whole cereals, and fish and
fish products were associated with a reduced risk of MS
[48].

Interestingly, the associations between PS of sugar-rich
products such as cakes, pies, and biscuits and sugar,
honey, jams, and chocolate were associated with a higher
metabolic risk score. It has been confirmed that sucrose
and mainly fructose induce MS [49]. For example, in
young men, serum triacylglycerol increased when
receiving a diet supplemented with 200 g sucrose/day;
moreover, one-third of these patients developed hyper-
insulinemia [49]. In addition, consumption of sugar-
sweetened beverages has the same result on MS devel-
opment, which may be explained by less satiety-inducing
effects and a high-glycemic-index, which raises the
postprandial glucose levels [50]. The mechanism was
associated to the inability of sugar to acutely stimulate
insulin and leptin and to inhibit ghrelin that are known to
affect the satiety center in the central nervous system
[51]. Moreover, the sweetness of fructose or sucrose often
makes food more palatable, which may stimulate an in-
crease in food intake [52].
4.3. Portion size of specific food groups and HOMA-IR
cutoff

Our results indicated that males with lower HOMA-IR
cutoff were consuming higher mean PS from vegetables,
milk, yoghurt, and milk beverages. In the same manner,
females with lower HOMA-IR cutoff were consuming
higher mean PS from breakfast cereals. In contrast, females
with higher HOMA-IR cutoff were consuming higher mean
PS from butter and animal fats. These results are in line
with other studies which observed that consumption of
vegetables, low-fat dairy, cruciferous vegetables, tomato,
chicken, and beans and low consumption of butter, red
meat, and cereals was associated with low levels of
HOMA-IR in adults [53]. On the contrary, they found that
consumption of processed meats, mayonnaise, and solid
fats was associated with a higher level of fasting blood
glucose, fasting insulin, 2-h insulin, and HOMA-IR index
[53]. A previous HELENA study also found that frequently
consumption of nuts, chocolates, burgers, and meat stick
in females and frequently consumption of burgers and
pizzas in males were directly associated with HOMA-IR
index [12]. Moreover, a marked preference for sweet and
low fruit consumption and IR were observed in other



Table 5 Mean PS from the main contributing food groups by HOMA-IR cut off categories, in both gender (ANCOVA).

Food groups PS
(g/day)

Males (n Z 230) Females (n Z 265)
aHOMA-IR cut off�2.5 HOMA-IR cut off >2.5 p-value HOMA-IR cut off�2.5 HOMA-IR cut off >2.5 p-value

N Mean (SD) N Mean (SD) N Mean (SD) N Mean (SD)

Bread and rolls 146 134.1 (82.5) 42 144.2 (74.9) 0.228 166 111.3 (70.7) 67 93.1 (49.3) 0.493
Breakfast cereals 48 54.6 (30.5) 21 70.7 (50.3) 0.479 63 49.9 (28.6) 19 28.5 (10.8) 0.010
Rice and other grains 57 192.1 (135.9) 15 225.2 (117.5) 0.817 55 156.2 (95.7) 21 128.0 (75.1) 0.976
Starch roots, potatoes 76 159.2 (89.1) 16 158.4 (62.4) 0.993 103 142.4 (87.7) 45 123.8 (74.3) 0.244
Pasta 64 217.9 (109.9) 14 218.7 (105.7) 0.698 73 178.1 (73.5) 26 215.0 (113.5) 0.149
Fruits 98 244.1 (153.3) 26 239.8 (153.9) 0.778 121 206.2 (125.5) 43 194.1 (130.2) 0.954
Vegetables 127 193.4 (122.6) 37 136.4 (115.7) 0.036 149 133.6 (112.3) 63 128.2 (99.7) 0.784
Milk, yoghurt, and milk

beverages
120 434.1 (354.6) 34 348.9 (217.7) 0.040 137 317.1 (212.9) 51 279.5 (168.4) 0.188

Desserts and puddings
milk based

29 105.6 (74.1) 6 52.3 (24.8) 0.060 55 89.2 (68.9) 15 76.3 (45.7) 0.693

Cheese 119 57.4 (42.9) 31 77.9 (48.36) 0.314 123 44.3 (34.2) 52 43.6 (29.9) 0.989
Meat and poultry 147 237.1 (200.6) 37 260.6 (225.3) 0.265 144 161.6 (133.5) 66 178.5 (134.6) 0.331
Fish and fish products 30 208.5 (172.1) 5 108.6 (54.3) 0.251 30 156.3 (132.9) 13 145.9 (118.9) 0.439
Eggs 28 53.5 (41.5) 9 55.8 (34.1) 0.512 52 51.5 (42.6) 15 62.4 (50.1) 0.715
Meat substitutes, nuts,

pulses
29 61.5 (57.0) 10 27.9 (10.9) 0.120 40 82.5 (76.1) 12 75.9 (56.4) 0.962

Margarines and
vegetable oils

102 27.1 (13.4) 26 37.4 (30.1) 0.188 97 18.9 (16.4) 43 19.9 (17.1) 0.515

Butter and animal fats 57 28.8 (23.5) 14 22.9 (13.6) 0.496 58 18.9 (13.6) 25 27.3 (24.9) 0.018
Cakes, pies, biscuits 109 115.9 (84.8) 26 106.7 (78.2) 0.798 132 98.5 (78.8) 50 104.3 (101.1) 0.377
Savoury snacks 38 62.8 (51.3) 6 55.8 (42.9) 0.671 43 38.2 (25.2) 14 32.9 (15.5) 0.457
Sugar, honey, jams,

chocolate
106 74.4 (62.4) 26 68.7 (55.4) 0.920 133 63.2 (50.8) 57 42.6 (36.5) 0.138

Sauces and creams 107 67.0 (52.8) 22 77.9 (49.1) 0.494 113 64.2 (54.1) 44 73.9 (56.3) 0.343
Carbonated soft/isotonic

drinks
99 529.9 (325.2) 26 529.9 (416.1) 0.824 102 462.3 (309.4) 32 419.2 (262.6) 0.869

Fruit and vegetables
juices

103 408.6 (319.7) 30 351.3 (209.3) 0.162 105 332.2 (241.5) 51 352.9 (180.1) 0.437

a HOMA-IR cut off categorized based on the 90th percentile. SD: Standard deviation. Level of significance was set to 0.05.
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study in adolescents [15]. However, to the best of our
knowledge, there are no studies addressing the relation-
ship between food PS and HOMA-IR index.

The possible explanation of these results is that vege-
tables, fruits, and cereals are a good source of antioxidants
mainly polyphenols and fibers, in addition to the signifi-
cant amount of magnesium, calcium, potassium and hav-
ing a limited amount of sodium, which play an important
role in IR in all age groups [54]. For instance, individuals
with low levels of serum magnesium have impaired blood
sugar levels [55]; it has been found that the lack of mag-
nesium can result in disordered transfer of the cellular
glucose, which influencing in insulin signaling pathways
or even reducing the pancreatic secretion of insulin [56].
Furthermore, a high amount of sodium intake has been
associated with IR and MS development in adults [57].

Moreover, the type and quality of fats in the diet play an
important role in homeostasis and insulin sensitivity [58].
It seems that the fatty acid combination or fat type can
affect independently on insulin function and lead to change
the cells sensitivity to insulin [59]. However, in adolescents
with obesity, a positive effect when consumption of
omega-3 fatty acids on insulin sensitivity has been identi-
fied [60]. Consumption of milk and yogurt is another factor
that has been examined on IR syndrome; it has been shown
that the daily consumption of dairy and calcium cause a
reduction of the IR syndrome, cardiovascular disease, blood
pressure, and stroke in young adults [53].

In this study, no significant relationship between food
PS and continuous HOMA-IR index was found, which may
be associated with the very restrictive model with various
confounders. However, some relevant results when
analyzing the results considering the HOMA-IR cutoff
values were observed, as it was discussed previously.

Several studies have attempted to explain the associa-
tion of dietary indexes on the development of IR and MS,
but most of them do not focus on PS of food items.
Although the effect sizes in our study were small, further
studies are needed to confirm the association between
food PS and the metabolic markers.

The main limitation of this study is the relatively small
sample size. Further studies with larger population sam-
ples and longitudinal observation are needed. Moreover,
the HELENA study was performed some years ago, and it is
not useful to describe the current situation. Additionally,
the cross-sectional nature of the HELENA study does not
allow us to assess the behavior over a period of time and
did not provide information in determining the cause-
eandeeffect association. The self-reported questionnaires
were used for collecting the food consumption data, and
therefore, a social bias should be considered. Moreover, the
food groups did not differentiate between type of
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chocolate (black, with milk, etc) and artificially sweetened
products from sugar-sweetened products. However, there
are several strengths in this study that need to be
mentioned. To our best of knowledge, the present study is
the first to investigate the association between the PS of
different food groups and both IR and metabolic risk
among European adolescents, taking into account poten-
tial confounders such as age, total energy intake, BMI, PA,
city, and maternal education. To increase the accuracy,
highly standardized and validated procedures were used
to collect the sample and assess anthropometric mea-
surements. Despite the limitation, these results may sug-
gest useful information to promote proper selection of
healthy foods for early prevention of MS and other health
concerns.
Conclusion

Larger PS from cakes, pies, and biscuits were associated
with a higher metabolic risk score, and PS from fish and
fish products; meat substitutes; nuts, pulses, and sugar;
and honey, jams, and chocolate were associated with a
higher metabolic risk score in males. Noteworthy, these
results suggests that there are associations between PS of
sugar-based foods and metabolic risk already in adoles-
cence. Larger PS from vegetables, cereals, and dairy prod-
ucts enhance the VO2 max and might reduce developing
IR. Overall, these findings suggest that intervention studies
should focus on the food PS and not only on the potential
effect of food habits and energy density in order to prevent
IR and metabolic risk in youth.
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